Objective The association between directly observed mother-adolescent weight-related communication quality and adolescent percent overweight within the context of an adolescent weight control study was examined. Methods As part of a larger study examining the impact of a behavioral weight control intervention that included attention to parent-adolescent communication (Standard Behavioral Treatment þ Enhanced Parenting, SBT þ EP) compared with an efficacious Standard Behavioral Treatment (SBT), 38 mother-adolescent dyads participated in a weight-related videotaped discussion. Discussions were taped and collected pre-and postintervention. Results No significant differences emerged in the quality of motheradolescent communication between SBT (n ¼ 19) and SBT þ EP (n ¼ 19) participants, nor was baseline mother-adolescent communication quality associated with adolescents' weight loss in either condition. However, a decline in communication quality was associated with better outcomes for adolescents participating in the SBT group. Conclusions This study provides preliminary evidence that a change in motheradolescent communication is associated with successful weight loss among adolescents.
few parenting interventions have successfully integrated parents as allies to adolescents' weight reduction attempts. For example, one study documented superior outcomes when adolescents and parents were included (but seen in separate groups) in the intervention (Brownell, Kelman, & Stunkard, 1983) , while two other studies showed comparable outcomes regardless of whether the adolescent was treated alone or with a parent (Coates, Killen, & Slinkard, 1982; Wadden et al., 1990) . A recent study by Steele et al. (2012) found that both brief family intervention and a family-based behavioral treatment were effective in reducing zBMI (Body Mass Index) among a sample of younger children, but not adolescents. Across these adolescent studies, parents have been targeted to serve in supportive roles, whereas among those in younger children, parents have been targeted for weight loss along with their children. These competing results suggest that the parent-adolescent dynamic related to weight control is complex and more research is needed to understand what parental behaviors may be helpful and/or harmful to teens' weight loss endeavors.
Given the relevance of parental communication to adolescent weight control and the mixed findings related to parental involvement in healthy adolescent and weight control, our team developed a 16-week adolescent behavioral weight control (BWC) intervention that explicitly targeted parent-adolescent communication (Standard Behavioral Treatment þ Enhanced Parenting, SBT þ EP; see Methods). The SBT þ EP intervention differs from prior interventions involving families in that it explicitly targeted ''unhealthy'' patterns of communication (e.g., criticism and negative comments) that have been associated with overweight and unhealthy weight-related behaviors (Ackard et al., 2006; Moens et al., 2007) , parent weight control behaviors including weekly weigh-ins and completion of food journals, and increasing supportive communication behaviors (e.g., warmth and directness). The SBT þ EP intervention was compared with an efficacious Standard Behavioral Treatment (SBT; see Methods). Analyses revealed a significant decrease in adolescent BMI for both conditions at the end of the 16-week treatment study, though no significant differences in adolescent weight loss emerged between conditions (blinded citation). Secondary analyses examining the impact of the intervention on weight-related communication revealed that adolescents in the SBT condition self-reported less maternal negative commentary at the end of the intervention relative to adolescents in the SBT þ EP group. This finding was in contrast to what was expected; therefore, we chose to examine the directly observed communication to better understand how changes in parent-adolescent communication may be associated with changes in adolescent weight in the context of two active weight management interventions.
Prior studies have included observational data as a means to shed light on complicated patterns of parentadolescent interactions and behavior change (Kerig & Lindahl, 2000) . For the current study, we chose to examine observational data within the context of a BWC intervention for two primary reasons. First, only a handful of studies have examined direct communication within the context of weight-related behavior and no known studies have employed observational methods to objectively examine and assess quality of parent-adolescent communication within a weight control study. Second, while self-report measures are important to understanding these processes, they can be limited by attribution biases, selective attention, social desirability, and ineffective reporting on communication patterns, which occur over extended time or situations (Bradbury & Fincham, 1990; Noller & Callan, 1990; Noller & Feeney, 2003) . Observational methods, while more time-consuming and expensive, allow for assessment of actual behavior, as opposed to participants' perceptions of behavior, and thus may reveal differing patterns of associations (Noller & Feeney, 2003) . Given these gaps in the study of adolescent obesity, observational research with adolescents may provide the field with greater insight into the role of parentadolescent communication for this high-risk population.
Aims and Hypotheses
The current study examined the association between directly observed mother-adolescent weight-related communication quality and adolescent percent overweight within the context of an adolescent weight control intervention. Three primary questions were explored: (1) Did motheradolescent dyads randomized to SBT þ EP show greater improvement in observed mother-adolescent communication from pre-to postintervention relative to those in the SBT condition?; (2) Did higher baseline mother-adolescent communication predict greater reduction in adolescent percent overweight?; and (3) Were positive changes in mother-adolescent communication over the study period associated with a reduction in percent overweight?
We hypothesized that the SBT þ EP condition would show greater gains in mother-adolescent communication quality from pre-to postintervention. Furthermore, based on prior studies showing the role of positive family functioning and lower family conflict in adolescent response to BWC interventions (Germann, Kirschenbaum, & Rich, 2007; White et al., 2004) we predicted that more positive mother-adolescent baseline communication would be associated with a greater reduction in adolescent percent overweight. Finally, we expected that improvements in communication would be associated with a reduction in adolescent percent overweight post intervention.
Methods Participants
Adolescents aged 13-17 years were recruited from area pediatricians, family physicians, and through newspaper advertisements. Interested adolescents and parents were screened using a brief telephone interview to determine preliminary eligibility. Inclusion criteria for the adolescent were (1) BMI ! 95th percentile and absolute BMI 38; (2) at least one involved caregiver available to participate in the treatment protocol; and (3) both the adolescent and caregiver spoke English. Adolescents were excluded if they (1) were involved in another weight loss program; (2) had a medical condition that would interfere with the prescribed dietary plan or participation in physical activity; or (3) were in treatment for, or diagnosed with, a major psychiatric disorder, including an eating disorder or significant developmental delay, at the time of screening. Eligible participants attended an informational meeting where study details were reviewed and adolescents' anthropometric data were obtained. Interested and eligible families were scheduled for an initial evaluation. Ineligible or uninterested adolescents were referred back to their primary care physician, to an area nutritionist, or a mental health provider, as appropriate. Parental consent and adolescent assent for study participation were obtained before beginning the initial evaluation. Of the 241 families who completed a phone screening, 49 families met study inclusion criteria and were available to be randomized to one of the two treatment groups. Of those, 38 mother-adolescent dyads had complete baseline and postintervention videotaped observations (88%). Of the 11 dyads excluded from analyses, 4 had either baseline or postintervention videotapes that were unable to be coded owing to taping glitches (e.g., no sound, could only see one member of the dyad, etc.), 2 were missing baseline videotapes, and 5 did not return for the postintervention evaluation.
Procedures
Before randomization, adolescents were asked to complete a 1-week ''adherence trial'' during which they were asked to record all dietary intake to provide a behavioral measure of treatment readiness. Families were randomized if the adolescent completed diet records for 5 of the 7 days. An urn randomization procedure (Stout, 1994) , stratifying by gender and relative degree of obesity (high vs. low determined by median split of the sample), was used to assign adolescents to an intervention group. Adolescents and parents completed assessments separately at baseline and at the end of the 16-week treatment. Posttreatment followups were conducted either the same day as the final session or within 2 weeks for those who did not attend the last session. All study procedures were approved by the institutional review board.
Interventions
Both interventions included 16 weekly 1-hr sessions conducted in a group format. Treatment was delivered by a combination of PhD-level psychologists (including study investigators), advanced clinical psychology graduate students, and bachelor's level research assistants, with two facilitators per group. A nutritionist was present during five of the meetings to provide information, give individualized feedback on diet records, and offer meal planning. Teen and parent attendance rates were not significantly different across conditions. SBT adolescents completed a mean of 12.9 sessions (80.5%) and SBT þ EP adolescents completed a mean of 10.7 sessions (66.8%; t(34.4) ¼ 2.01, p ¼ .052). Parents randomized to the SBT condition attended an average of 2.31 of 3 sessions (76.9%) and parents randomized to the SBT þ EP condition attended an average of 10.6 of 16 sessions (66.3%; t(47) ¼ 1.33, p ¼ .19).
Standard Behavioral Treatment
The SBT intervention was modeled after a previously validated adolescent BWC intervention (blinded citation). Treatment components included diet, exercise, behavior modification, and cognitive restructuring. Physical activity was increased incrementally to 60 min/day on most days of the week. Before each group meeting, teens were weighed and their diet records were reviewed by a group leader. Three parent meetings were conducted over the course of the 16 sessions to orient parents to general weight control strategies (session 1), answer questions regarding their teen's progress (session 8), and review adolescent progress and continuing goals for the end of treatment (session 16).
Standard Behavioral Treatment With Enhanced Parent Involvement
In addition to receiving the SBT intervention, the SBT þ EP condition offered enhanced parent involvement through an emphasis on parental modeling of healthy weight-control strategies and improved parent-adolescent communication about weight-related behaviors. Parents and teens attended separate, but simultaneous, sessions. Session content for parents paralleled information provided to adolescents. Similar to teens, parent weight and self-monitoring efforts were reviewed with a group leader before each session.
Parents and adolescents assigned to this condition also received education and participated in joint activities to support effective communication in the context of adolescent-parent interactions related to weight control. The communication didactics and skill-building activities were woven throughout the 16 weekly sessions and accounted for approximately 25% of intervention time. Specific content for the communication intervention was adapted from an HIV risk reduction intervention (Donenberg et al., 2012) and modified to apply to topics of BWC, diet, and physical activity, and further tailored through our earlier pilot work. In vivo communication activities emphasized active listening, assertive communication, and affect management focusing on weight-related discussions (citation not included for blinding).
Observational Coding
To identify a topic for the videotaped parent-adolescent discussion, parents and teens each completed the Family Interactions Topics questionnaire at baseline and the end of the 16-week intervention. The Family Interactions Topics measure was adapted from the Potential ParentChild Problems measure (Donenberg & Weisz, 1997) and lists weight-related topics that lead to parent-adolescent conflict. Parents and adolescents independently indicated the amount of conflict evoked by a list of 16 situations (e.g., amount of food that teen eats between meals; refusing to participate in physical activity) on a scale of 0 ¼ no conflict to 6 ¼ much conflict. Consistent with prior research (Christensen & Margolin, 1988; Marshall, Longwell, Goldstein, & Swanson, 1990 ) the item rated most conflictual by both people with the least discrepancy between the two respondents was chosen as the topic for the weight-related discussion task.
Videotaping was directed by a trained research assistant and conducted pre-and postintervention in private rooms at the study site. Before videotaping, parent-teen dyads were instructed ''You both identified some things that cause disagreements between the two of you on this sheet you completed. After looking through your responses, I've chosen a topic that you both said you disagree about that most. The topic you both identified is _________. I would like you both to take the next 5 minutes to discuss the issue with each other. Please use the full 5 minutes to discuss the topic and I will let you know when the 5 min are up.'' Dual microphones were used to improve the sound quality of videotaped interactions. After video setup was completed and instructions were delivered to the dyad, the research assistant left the room, pressed ''record'' on the camera, and placed a labeled sign in front of the camera to record subject ID number and time point for each interaction. Although each dyad was aware that the discussion would last 5 min, the research assistant was responsible for prompting dyads to begin and end the discussion.
Discussions that lasted longer than 5 min were truncated so that only the first 5 min of each discussion were viewed by the trained coder. Videos were also stripped of participant ID, time point, and any statements that could potentially unblind coders to the intervention condition or time point. Each 5-min videotaped interaction required approximately 30 min to code. Two previously trained Bachelor-level coders received approximately 100 hr of training from study investigators at the primary investigation site on a study using the observational system (Hadley et al., 2013) . Coders were given an overview of the study design and sample, and inter-rater reliability was checked after the first 5, 10, and 20 videotapes were coded to assure adequate inter-rater reliability.
Trained coders watched each videotaped interaction approximately five times. First, coders simply observed the interaction in its entirety without using any of the codes. Coders then selected an individual in the dyad to code by flipping a coin (heads ¼ mother, tails ¼ teen). Ratings were assigned in accordance with the coding system (see below).
Measures
Basic demographic variables (age, gender, race, ethnicity, mother age, and education) were collected at baseline.
Anthropometrics
Adolescent height and weight were obtained on a balance beam and stadiometer, respectively. Adolescents were measured in hospital gowns with underclothing and no shoes. Weight and height were collected at baseline and end of treatment and were used to calculate BMI (kg/m 2 ) and percent overweight. Percent overweight is standardized for weight and gender and provides a value relative to the 50th percentile BMI for the appropriate age and gender, where positive values indicate being over the 50th percentile and negative values indicate being under the 50th percentile (BMI-BMI at 50th percentile BMI)/by 50th percentile BMI Â 100). Percent overweight has demonstrated some advantage with regard to sensitivity to changes in weight as compared with BMI and zBMI in OW/OB youth (Cole, Faith, Pietrobelli, & Heo, 2005; Epstein, Paluch, Roemmich, & Beecher, 2007) .
Negative Maternal Commentary
Adolescents completed the 5-item Negative Maternal Commentary subscale of the Family Experiences Related to Food Questionnaire (Kluck, 2008) at baseline and immediately postintervention. This subscale assesses teens' perceived frequency of negative comments made about their weight and appearance by their mother. Items are rated on a 5-point scale from 1 ¼ Never to 5 ¼ All the time and summed for a total score, with higher scores indicating more perceived problematic family experiences. Internal consistency for this subscale was .72 in the present study. This measure was used to establish convergent validity of the coded communication interactions.
Dietary Choices
Caregivers completed the Dietary Choices subscale of the Weight Control Strategies Scale (Pinto, Fava, Raynor, LaRose, & Wing, 2013) at baseline and postintervention.
Items are rated on a scale from 0 ¼ Never to 4 ¼ Always and summed for a total score, with higher scores indicating more frequent selection of dietary choices associated with weight loss. Internal consistency for this subscale was .89 in the present study. This measure was used to establish divergent validity of the coded communication interactions.
Communication Coding
The Dyadic Observed Communication Scale (DOCS) was used to code communication between adolescent and caregiver participants (Hadley et al., 2013) . The DOCS is a reliable and valid observational method of assessing both verbal and nonverbal communication behaviors among parent-child dyads. The DOCS includes separate codes for four types of parent and adolescent behaviors (i.e., Istatements, Negative Vocalizations, Positive Vocalizations, and Body Language) and one global code of ParentAdolescent Communication. Given the small sample and the goal of capturing parent-teen interactions broadly, only the Parent-Adolescent Communication domain was used in this study. This domain is highly correlated with the other DOCS' domain codes (Hadley et al., 2013) . Mother-Adolescent Communication is a global rating that measures the overall quality of the dyadic communication. Each dyad was scored on five dimensions: (1) Tone (e.g., warmth vs. hostility), with scores ranging from 0 to 2, with higher scores indicating warmer communication; (2) Process (e.g., problem-solving, collaboration, and perspective taking), with scores ranging from 0 to 2, with higher scores indicating better problem-solving, collaboration, and perspective taking; (3) Clarity (e.g., direct communication vs. ''beating around the bush''), with scores ranging from 0 to 2, with higher scores indicating more direct communication; (4) Time (e.g., degree of give and take), with scores ranging from 0 to 2, with higher scores indicating a higher degree of give and take in communication; and (5) Power, with a binary score of 0 or 1. Mothers who were clearly ''in control'' were given a point for power relative to those mothers who displayed more passive parenting styles (e.g., wavering on rule setting). Each dimension of mother-adolescent communication was rated separately and summed to create the overall Mother-Adolescent Communication variable. We examined the combined score given the small sample size, which limits our power to detect changes in scores with limited variability (e.g., range of 0-2). Total scores ranged from 1 to 9 per mother-teen dyad, with higher scores indicating better communication.
Inter-rater reliability using Intraclass Correlation Coefficients was .78 for Mother-Adolescent Communication at baseline and .81 for posttreatment. Coefficients >.60 are considered acceptable (Florsheim, Tolan, & Gorman-Smith, 1996) . Mother-Adolescent Communication at baseline was positively correlated with the Negative Maternal Commentary Scale, suggesting convergent validity (r ¼ .33), and unrelated to the Dietary Choices Subscale (r ¼ .04), indicating discriminant validity.
Results

Baseline Comparisons
Baseline characteristics for the current study sample (n ¼ 38) are presented in Table I . Chi-square and t-tests were used to examine differences in demographic variables between treatment groups at baseline (see Table I ). There were no significant differences between the two conditions on any of the measured demographics at baseline; therefore, these were not controlled for in any of the remaining analyses.
Mother-Adolescent Communication and Adolescent BMI The Mother-Adolescent Communication score was categorized into the following groupings at baseline and postintervention: poor communication (score ¼ 1-3), average communication (score ¼ 4-6), and high communication (score ¼ 7-9). Dyads were then classified into one of three categories based on their change in category from baseline to postintervention (i.e., improved, maintained, or declined). For example, dyads that moved from the poor to average communication category were categorized as ''improved,'' whereas those who moved from high to average communication were labeled as ''declined.'' A chisquare test of independence was calculated to examine communication change (i.e., improved, maintained, declined) by treatment group (SBT, SBT þ EP). No significant differences emerged between the SBT (N ¼ 19) and SBT þ EP (N ¼ 19) treatment groups related to MotherAdolescent communication,
Cramer's V (the square root of chi-square/sample size Â degrees of freedom; (Gravetter & Wallnau, 2004) ) was calculated to determine effect size. This calculation generated a v ¼ .07 which equates to a small effect size.
Does Higher Baseline Mother-Adolescent Communication Quality Predict Greater Reduction in Adolescent Percent Overweight?
An analysis of covariance (ANCOVA) was calculated to examine differences in percent overweight at posttreatment, controlling for baseline percent overweight, among baseline Mother-Adolescent Communication categories (i.e., low, average, high). Baseline Mother-Adolescent Communication category was not associated with percent overweight at posttreatment, F(2, 34) ¼ 0.06, p ¼ .95. The effect size for this outcome was generated using partial eta squared (the sum of squares between divided by the sum of squares total plus sum or squares error) and was small, 2 p ¼ .00 (Cohen, 1988) .
Were Positive Changes in Mother Adolescent
Communication Quality Over the Study Period Associated With A Reduction in Adolescent Percent Overweight? An ANCOVA, controlling for baseline percent overweight, was conducted to examine two questions: (1) if change in Mother-Adolescent Communication category (i.e., improved, maintained, declined) from pre-to posttreatment was associated with adolescent weight loss and (2) if treatment group (i.e., SBT, SBT þ EP) moderated the effect of category change on adolescent percent overweight. Results revealed no main effect of communication category change, F(2, 32) ¼ 1.05, p ¼ .36, treatment group, F(1, 32) ¼ 4.01, p ¼ .05, or category change by treatment group, F(2, 32) ¼ 2.41, p ¼ .10. Although not statistically significant, there was a large effect size for the category change by treatment group. Effect sizes were calculated to compare the impact of treatment condition on percent overweight within each level of category change (i.e., improved, maintained, and declined). Using Cohen's (1988) To better understand this pattern of change within the ''improved'' and ''declined'' communication groups, we visually inspected the frequencies for each of the domains of Mother-Adolescent Communication (i.e., Tone, Clarity, Time, Power, and Process). Inspection of these domains revealed the following patterns for the ''declined'' group: 80% decreased in Tone, 67% decreased in Clarity, 55% decreased in Process, 33% decreased in Power, and 22% decreased in Time. For the ''improved'' group, 77% increased in Tone, 46% increased in Clarity, 31% increased in Time, 8% increased in Process, and 8% increased in Power.
Discussion
This was the first study to examine directly observed communication among mother-adolescent dyads within the context of an adolescent weight management intervention. The DOCS coding system was found to be a valid and reliable coding system within the context of mother-adolescent weight-related discussions. Findings indicated that the SBT þ EP intervention did not demonstrate a significant improvement in communication relative to the comparison condition, that baseline communication was not predictive of response to the intervention, and finally, that change in communication quality was associated with a decrease in adolescent percent overweight over the intervention study period.
Counter to our prediction, but consistent with the previous study examining self-report of communication (blinded citation), findings indicate that dyads randomized to the SBT þ EP condition did not demonstrate an improvement in communication relative to those dyads randomized to the SBT condition. Notably, the study did not explicitly recruit dyads with impaired patterns of communication, resulting in a total of only six (15.8%) dyads that were categorized as having ''poor'' quality communication Contrary to our hypothesis and prior studies demonstrating that positive family dynamics are associated with better response to weight loss interventions (Germann et al., 2007; White et al., 2004) , baseline levels of communication about weight were unrelated to intervention impact on adolescent weight loss. Notably, neither poor nor high communication quality at baseline was associated with adolescent weight loss. This is unexpected given findings in pediatric psychology identifying positive family functioning as a resilience factor in the context of youths' chronic illness (Drotar, 1997; Kazak, 1989) . In terms of poor communication, other buffering factors, such as healthy food options in the home and peer support for healthier dietary behaviors, may have been present and served to ameliorate the impact of negative mother-child communication on adolescents' attempts to change their weight-related behaviors. Similarly, the impact of positive communication may have been attenuated by negative family dynamics outside of the mother-child relationship. For example, marital discord or family chaos related to unemployment may have undermined the positive influence of higher quality communication within the mother-adolescent dyad. Unfortunately, these constructs were not examined within the current study, but may be important indices to examine as potential moderators of intervention impact. It is clear that more research is needed to fully understand how mother-adolescent communication impacts adolescent weight loss.
Finally, although the SBT þ EP intervention was not successful in significantly changing communication as compared with the SBT intervention, changes in MotherAdolescent Communication overall were associated with a reduction in adolescent percent overweight. The results suggest that movement in mother-adolescent communication quality may be more important to weight loss than initial communication quality. Unexpectedly, the largest difference between treatment conditions on reduction in percent overweight was found within the ''declined'' communication category. One potential interpretation of this finding is that frequency of negative communication may be more harmful within the context of interventions that more actively involve family members than if the adolescent takes sole responsibility for his/her weight loss efforts with minimal parent involvement. Alternatively, these declines in communication could be wholly attributed to adolescent withdrawal from these conversations as they become more independent in their efforts to manage their weight-related behaviors. Finally, it is possible that the higher maternal BMI seen among those in the minimal group negatively influenced the tone of the communication and concerns expressed by parents who themselves struggled with their own weight management and created a stronger sense of urgency toward changing their teens behavior especially within the context of a weight management intervention. All of these interpretations must be cautiously considered given that changes in communication and changes in percent overweight are measured concurrently and therefore direction of influence cannot be ascertained. Future research should consider examining these patterns over time to determine the influence of mother-adolescent communication on adolescent's response to weight control interventions.
In terms of strengths, the current study includes an ethnically and racially diverse sample (40% reported an ethnic or racial minority background), the use of observational methods among a sample of mother-adolescent dyads, and the examination of observational data within the context of an adolescent weight-loss study. Despite these significant strengths, weaknesses include a small sample size, which limited our ability to examine the individual components of the overall Mother-Adolescent Communication code (e.g., Tone, Clarity) and their relationship to change in adolescent percent overweight, and a relatively brief follow-up period. Additionally, since fathers were not included in the current study, our conclusions are limited to maternal-adolescent communication and do not account for communication between fathers and adolescents.
In conclusion, the current study provides new insights into the association between mother-adolescent communication quality and adolescent weight reduction within the context of a weight management intervention. These preliminary findings suggest that clinicians working with adolescents attempting to lose weight should assess the dyadic communication. When communication is poor, clinicians should consider minimizing parental treatment involvement to decrease the potential impact of negative dyadic communication patterns on adolescents' motivation toward weight loss. Alternatively, it may be important to specifically address and bolster positive mother-adolescent communication with an emphasis on increasing warmth (e.g., Tone) and directness (e.g., Clarity) during weight-related discussions before facilitating adolescents' weightloss attempts. Future research should attempt to examine these findings with a larger sample that will be adequately powered to examine changes in communication components (e.g., tone, clarity) and also include fathers. A clearer understanding of the nuances in parent-adolescent communication behaviors will provide more specific targets for working with parents and adolescents attempting to lose weight.
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